A B S T R A C T We tested whether apoprotein B is present in fasting and postprandial human duodenojejunal mucosa because lipoprotein-like particles are visualized by electron microscopy within the smooth endoplasmic reticulum and the Golgi cisternae of these absorptive cells. Duodenojejunal biopsies from normal volunteers were incubated in citrate buffer and were shaken in 1% EDTA so that absorptive cells could be freed from underlying tissue. Apoprotein B was determined by double-antibody radioimmunoassay in homogenates of absorptive cells.
INTRODUCTION
The intestinal formation and secretion of lipoprotein is an essential part of the absorption of both dietary and endogenous fat. The intestine as a source of plasma lipoReceived for publication 18 August 1975 and in revised form 13 November 1975. proteins was first suggested by biochemical studies which showed that the intestine could incorporate radioactive amino acids into lymph and plasma lipoproteins (1) (2) . Studies of the composition of intestinal lymph indicated that the intestine can produce lipoproteins other than chylomicrons (3) (4) (5) . Electron microscopic studies of rats have implicated the columnar absorptive cells as the particular site involved in intestinal very low density lipoprotein (VLDL) 1 production (6) . In man, most of the information about the intestinal formation of lipoproteins was achieved by electron microscopic studies. In normal fasting volunteers, lipoprotein-like particles (150-650 A diameter) were visualized within the smooth endoplasmic reticulum and the Golgi cisternae of absorptive cells covering the tips of jejunal villi. Similar particles were seen within the intercellular spaces and the lacteals (6, 7) .
In the last few years the various lipoprotein classes have been characterized by their specific protein constituents or apolipoproteins (apoproteins). Many of these apoproteins have been isolated and characterized from human plasma and most of them are present in more than one lipoprotein family. Apoprotein B constitutes more than 95% of the protein moiety of low density lipoproteins (LDL) (8) , and also represents 22 and 30-40% of the protein moieties of chylomicrons and VLDL, respectively (9, 10) . The apoprotein B appears to be required for the transport of lipoprotein particles out of the absorptive cell and into the lymph. Patients suffering from abetalipoproteinemia, whose plasma lacks apoprotein B, cannot form chylomicrons after a fatty meal (11) . In rats, synthesis of apoprotein B was shown in the isolated perfused intestine (12) and in a cell-free preparation of intestinal mucosa (13) . In man, there are no data about the intestinal apoproteins, probably because of difficulties in obtaining suf-'Abbreviations used in this paper: LDL, low density lipoprotein; VLDL, very low density lipoproteins. (14) after an overnight fast (12-16 h) . In 14 of the volunteers, a fatty meal was then infused directly into the duodenum through the delivery channel of the biopsy tube. The meal consisted of 35 ml of corn oil (Mazola, Best Foods Div., Corn Products Co., Englewood Cliffs, N. J.) blended for 2 min (Osterizer, John Oster Mfg. Co., Milwaukee, Wisc.) with 35 ml of 0.15 M NaCl. 45 min after instilling the fat, 8-10 more biopsies were taken. Four to five rectal biopsies were obtained from four of the volunteers with a suction biopsy tube (15) . All volunteers were informed of the risks of intestinal or rectal biopsies before participation. No complications ensued. The biopsies were kept in 0.15 M NaCl, 0.01%o EDTA at 4VC.
Preparation of isolated duodenojejunal absorptive cells.
To free the absorptive cell from plasma and from underlying tissue, the biopsies were blotted dry, weighed, and incubated for 15 min at 370C in a buffer containing sodium citrate (27 mM), KCl (1.5 mM), NaCl (96 mM), KH2-PG4 (8 mM), and Na2HPO4 (5.6 mM) (16) . This buffer was then discarded and the biopsies were suspended and shaken vigorously in 5.0 ml of 0.15 M NaCl, 1% EDTA. Phase microscopy confirmed that this procedure released the absorptive cells from the underlying tissue, and histological sections of the remaining tissue confirmed that almost all the absorptive cells were released. The released absorptive cells were washed five times with 5.0 ml of 0.15 M NaCl, 0.01% EDTA at 4VC.
Extraction and solubilization of the tissue lipoproteins.
Three different methods were used to disrupt the cell membranes and to solubilize the lipoproteins. In the first method, the washed isolated cells were homogenized with 10 vol of 0.15 M NaCl, 0.01% EDTA in a whole glass conical homogenizer. Preparation of '5I-LDL. LDL (d = 1.019-1.063 g/ml) was prepared by sequential ultracentrifugation and iodinated as described previously (17) . Sufficient reactants were added to give a sp act of 2 X 10W cpm//sg.
Analytical procedures and determination of radioactivity. Apoprotein B was determined by double-antibody radioimmunoassay as recently described (17) which was modified as follows: For this study, 54 ng of lzI-LDL was used in each assay tube and the incubation time was 48 h for the first antibody (rabbit antihuman LDL [rabbit 28, bleeding IA], diluted approximately 1: 10,000). Albumin was determined by a sensitive immunodiffusion method able to detect 2 ,ug/ml. Protein was determined following the method of Lowry et al. (18) . Radioactivity was determined by Autogamma Counter (Nuclear-Chicago, Des Plains, Ill.).
RESULTS AND DISCUSSION Apoprotein B was 3.2±0.5 *g/100 mg of wet weight in duodenojejunal absorptive cells from 22 fasting subjects. The amount of apoprotein B per 100 mg wet weight was significantly lower in the samples obtained 45 min after the fat meal. This decrease was also apparent when the ratios of apoprotein B to total protein in fasting and postprandial absorptive cells were compared (Table I) .
The possibility of contamination of the isolated absorptive cells by plasma was excluded by the following experiments. First, albumin as a plasma marker could not be detected in any of the cell preparations (lower limit of detection, 2 /Ag/ml). We could thus rule out a (19) (Table II) .
This study provides immunochemical evidence that human duodenojejunal absorptive cells contain apoprotein B. We wondered if the amount of apoprotein B within absorptive cells would change after a fatty meal. We elected to sample the duodenojejunal mucosa 45 min after infusing corn oil. Previous studies showed that, at this time interval, the lipid content of the biopsies rose (20) , and that chylomicron-like particles were readily seen in intercellular spaces and lamina propria (21) . The amount of apoprotein B fell by 60% in postprandial absorptive cells (Table I ). Our observations suggest that, under the conditions of our fatty meal, the absorbed fat combines with preformed apoprotein B. The efflux of the apoprotein B as chylomicrons or VLDL particles into intercellular spaces and lamina propria seems to exceed the rate of de novo synthesis of this apoprotein.
The techniques used in this study should be valuable for studying the pathophysiology of intestinal apoproteins. Recently it has been suggested that lipoproteins of intestinal origin have a significant role in the pathogenesis of several hyperlipidemic conditions (22, 23) . Quantification of the apoprotein B and possibly of other apolipoproteins in the absorptive cells of patients with hyperlipidemia may establish that the intestinal mucosa is involved in the pathogenesis of these conditions.
